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ON THE CONCENTRATION OF DUST I N  "E UPPER 

ATMOSPHERE L A Y W  * 

S U M M A R Y  

\ \  449 
On the b a s i s  of photometric measurements of tw i l igh t  sky 

br ightness  an est imate  is made of dust  concentration in the  Earth 's  
atmosphere and the  value6 of concentration= and spatial densi ty  of 
the  dust  in the  40 t o  135 km a l t i t u d e  range are obtained. The concen- 
t r a t i o n  of dust  with height  h var ies  according t o  the  l a w  N h  . 
Comparsion of the  data  obtained with the resu l t s  of measurements on sa- 
t e l l i t e s  has  allowed toconc lnde tha t  breaking up of p a r t i c l e s  of the  
n e a r - t e r r e s t r i a l  dust  cloud or accumulation of f i n e  p a r t i c l e s  by way 

of capture takes  place at  heights  of 100 t o  300 km above ground. 

The dust p a r t i c l e s  measured w i t h  the a i d  of s a t e l l i t e s  are not  e f f e c t i v e  

i n  the s c a t t e r i n g  of solar radiation i n  tw i l igh t  c o n d i t i w  by comparison 

-7.2 

with f i n e r  pa r t i c l e s .  

* * 
The concentration of dust p a r t i c l e s  fn t h  per atmosphere 

l a y e r s  may be inves t iga ted  on the  b a s i s  of the  ana lys i s  of photometric 
observations of tw i l igh t  sky brightness,  provided we l i b e r a t e  ourselves  
from the inf luence  of the  secondary t w i l i g h t  conditioned by the  scat---  

t e r i n g  by the troposphere of l i g h t  from the  primary t w i l i g h t  ray. 

* 0 KONTSETRATSII PYLI V VZRKHNIKH SJZYAKH ZEMNOY A'IMOSFERY. 



2. 

The primary tw i l igh t  br ightness  was determined in [l] by apply- 

ing the metkod of [ 2 ] ,  cons is t ing  i n  the observation of two po in t s  o f  

s o l a r  v e r t i c a l  with a z e n i t h a l  distance 2 E 70°. Measurements were con- 

ducted w i t h  an in te r fe rence  f i l t e r ,  centered on 10.57 micron, not trans- 
mit t ing  any appreciable amount of twi l igh t  and n ight  sky emission. The 
brightnesses  of primary twi l igh t  so found w e r e  subdivided i n t o  a gaseous 

and dus t  components, I€ w a s  found, t h a t  i n  the  40- 70 km a l t i t u d e  range 
the br ightness  r a t i o  of the  dust  t o  gas components is approximately corn- 
t a n t  and close t o  the  unity. The s&e r e s u l t  w a s  obtained independently 

i n  the  work 131 for heights  h < 65km. According t o  ClJ, t h i s  r a t i o  
begine t o  r ise  not iceably at 80 km and at 130 km height  the  dust  component 
is g r e a t e r  than the gas component by about 50 times. 

The br ightness  of the tw i l igh t  sky 8(h) 
height  h above the the t e r r e s t r i a l  surface,  can be approximately repre- 
sented i n  the form 

as a funct ion of the  

OD 

8 (h)  = e \ n(h)#i. 
h 

where the  constant 0 includes the i n t e n s i t y  of t he  solar emission, t he  
dust  s c a t t e r i n g  f a c t o r  a n d  o ther  parameters. The r e l a t i v e  course of dus t  

concentration n t h )  is determined with a prec is ion  t o  a constant  m u l t i -  
p l i e r  

d6 c n ( h ) = - -  dh 

according o t  br ightness  dependence 8 (h) on h, W e  compiled i n  Table 1 

the values  of the br ightness  of the dust  component $ ( a ) ,  expressed in 
the  number of stare siug from sq.deg (2nd column, and the  values  of 

cn (h) = - dg  / dh (3rd column). The function cn (h) r ep resen t s  the rela- 
t i v e  dus t  d e n s i t i e s  expressed i n  such u n i t s , - t h a t  the formula (1) provides 
the dens i ty  of the  dust  component o f  primary twf l igh t  i n  u n i t s  of stars 
5mg from sq, deg. 

The dependence of c n ( h )  on height  h can be represented by a 
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funct ion of the form - exp ( -h  /HI, where H is the height  of the uni- 
form dust  atmosphere i n  t h e  40- 130 lun range, varying from 10 ao 20km. 
This  dependence of c n ( h )  on h can be also advantageously approximated 
by a function of the  form 

on (h)  3: 1.8 1015 h- 7*2. (3) 

T A B L E  1 
_I- --..-- 

50 
55 
60 
65 
70 
75 

I E  

4,4. I O '  
2.2.10' 
i ,2.10' 
6.5.103 
3.5- 10s 
2 , o . w  
1.2.103 
7.4.102 
4.7.101 
3.1.101 

5;4- 101 
3,2. I O '  
2.0.101 

1.3.10-1 
6.0- 10-1 
3.6 IO-' 

9 .o * lo-' 
I .8- io- 

90 
95 

100 
105 
110 
115 
120 
i 25 
130 

I 135 

2.1.103 
1.5.10' 
1;o. io, 
7,8 -10' 
5.6.10' 
4,1-1c1 
3.0.10' 
2.2-10' 
1,6*1@ 
1.2.101 

3.6 lif-' 
2.6-1W 
1.6.10-4 
1.3.10-4 
9.0.10-5 
6.6-10-5 
4,8.10+ 
3.6. 10-0 
2.4-10-5 
I ,6*1O-' i 

Aa may be secn from t h e  graph of Fig.1,where the  dependence 

c n ( h )  
l i n e  w i t h  a -7.2 inc l ina t ion .  The 

i s  p l o t t e d  i n  the logarithmic sca l e ,  the poin ts  f i t  w e l l  the  

constant  1.8 is chosen in such $0 

a way, t h a t  the i n t e g r a l  (1) provide 
+be qbserved br ightnesses  S (h )  of the  

dus t  component, expressed in the num- 
ber of stars 5 m y  from sa.deg. M 

The dependence cn (h)  (Table 1 )  

can be viewed as the dependence of dust  

concentration on the  height  h, expres- 

s ed  in r e l a t i v e  uni ts .  In  order  t o  ob- 
t a b  the  absolute  values of dust  concen- L4 

Fig. 1 
t r a t i o n  i t  is s u f f i c i e n t  to  determine the  

concentrat ion a t  any given s ing le  height. Obtaining the absolute  value6 
of concentration from twi l igh t  observations is made d i f f i c u l t  by the  
fact t h a t  the dimensions of dust p a r t i c l e s ,  t h e i r  albedo and the  s c a t t e r -  
i n g  i n d i c a t r i x  a r e  not  accura te ly  known. However, the est imate  of the  

absolute  concentration can be made w i t h  some degree of precision. To  t h a t  
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e f f e c t  we  s h a l l  u t i l i z e  the a l t i t u d e  i n t e r v a l s  of 40-60km,where the 
i n t e n s i t y  of l i g h t  s c a t t e r e d  by the  dust  is equal,  as an average, t o  0.9 
of the i n t e n s i t y  of the l i r h t  s ca t t e r ed  by atmosphere gases. Then 

udn(h) = 0,9 ~ A ? Z A ( ~ ) ,  (4) 
where n (h)  and n g ( h )  are respec t ive ly  the number of the dust  partic- 

3 leer and the number of molecules in 1 c m  a t  the he ight  h; 6* is the  
a i r  s c a t t e r i n g  f a c t o r  on 1 molecule; '6 is the  d u s t  m a t t e r i n g  f a c t o r  
on 1 dus t  p a r t i c l e ,  determining what part of the  emission, inc ident  on 
the dust  p a r t i c l e ,  is scattered in a un i t a ry  s o l i d  angle at  a s c a t t e r i n g  
angle 8. Since 
f a c t o r  ea is known. W e  may pos tu la te  = qavSa$ (e), where q ia 
the mean value of the e f fec t iveness  f a c t o r  of the  considered p a r t i c l e s ,  

Sav 
the s c a t t e r i n g  funct ion (indicatri::).  .-nalogouslp, w e  have for t he  molecu- 

lar d i f fus ion  0 . t  = /3<3 / 1Gn) (1 + cos2 0). where p is the absorpt ion c o e f f i c i e n t  
f o r  one rnol~clrle. Then, takinrr into account (41, 

6* and nA (h )  a r e  known, n (h) can be determined i f  t he  

av 

is  the average c ross  sec t ion  a rea  of these p a r t i c l e s  and f(0) is 

T A B L E  2 n (h )  = 0.9 [ pnn (h)  I QcpScpQl 

I n t e r v a l  
of radii, mc 

0,Ol--1 
0 ,Ol- -10 
0.01-100 
0.05-1 
0.1 -1 
0 , l  -10 
0.1 -100 

2,0.10-'0 

3 * 5.10-10 
3 .4 .  IO-'" 

4,7.10-" 
1,4-10-' 
2.9 * lo-' 
4.3-  1 O-' 

Direc t  co l l ec t ions  of part ic les  

conducted a t  heigbts  of 100 km C43, 
show t h a t  q u i t e  t i n y  p a r t i c l e s ,  with 

r ad i i  t o  0,01mc, e x i s t  in the atmo- 
sphere. Correspondingly with the  r e s u l t s  

obtained by d i r e c t  measurements by means 
of rocke ts  [4, 53, one may admit t h e  following d i s t r i b u t i o n  f o r  t i n y  duet 
p a r t i c l e s  

A 
0,055 dn (u) - at ~ ' < 0 , 0 5 & ~ .  (6) A .  

= 9 da at  u > 0,05 sK; 
U 

Compiled i n  Table 2 are  the average c ross  sec t ion  areas for 

various i n t e r v a l s  of p a r t i c l e s '  r a d i i  a1 
t e d  d i s t r i b u t i o n  (61, by the formula 

and a2, computed f o r  the admit- 

e/. . 
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a. cr, 
Sc, = 5 m2dn ( a )  /! dn (a ) .  (7) 

4 0, 

A6 may be seen from t h e  Table, the average c ross  s e c t i o n  area 

Sav v a r i e s  l i t t l e  when the radius i n t e r v a l  of the  considered p a r t i c l e e  

widene toward the s ide of greater r a d i i  a t  inva r i ab le  l e f t  boundary al 
of the i n t e r v a l ,  so t h a t  the value of 
t i o n  of Sa,,. It is more important t o  know the  l e f t  boundary of ax. A t  
decrease of al from 0.1 t o  0.01 mc, the value of Sa,, decrease6 by one 

order. However, a t  values  a < 0,l MK (2na / h = I) the e f fec t iveness  f a c t o r  

drops sharply [ 6 ]  from vclues near two, t o  zero. That is why, for small 
values  of a, 

a2 is immaterial in the  dete-a- 

the quant i ty  Q ~ ~ S , ,  must be compted by formula 

0. 

q c p s c ,  = q(a)na*dn(a) / [ dn (a) .  (8) 
0 1  

A t  t h e  same time, a1 is 6eternined r e l i a b l e  as the  greateet 
value of the rad ius ,  a t  which the  sub in teg ra l  funct ion of the i n t e g r a l  

s tanding  in the numerator of the  expression ( 8 )  is p r a c t i c a l l y  tero.  
It w a s  found t h a t  
< 0.03 mc are no t  e f f e c t i v e  i n  t h e  sense of l i g h t  s c a t t e r i n g  ( A  570anmc) 

i n  r e l a t i o n  t o  coarser  p a r t i c l e s  and can be excluded from consideration. 
It w a s  obtained by way of numerical i n t e g r a t i o n  for p a r t i c l e  dimension 

i n t e r v a l  from 0.03 t o  100 mk, t h a t  qav Sa, = 1.3, - 10'' em2. 

al =O.O3 mc,  i. e. t h a t  t he  p a r t i c l e e  with radius 

The absolute  s c a t t e r i n g  i n d i c a t r i x  of dust  p a r t i c l e s  can be taken 

i n  the form C73 
11 + 11.1 (e-s" - 0,009)]. (9) 1 .  f (0) = 18,2 

This i n d i c a t r i x  corresponds t o  atmosphere aerosols ;  i t  is obta i -  

ned on the  basis of a s e r i e s  of observation6 [8]. Inasmuch as our obser- 
va t ions  were conducted i n  the  Sun's v e r t i c a l  a t  a poin t  with a e e n i t h a l  

d i s tance  of 70°, t o  the considered tw i l igh t  r ay  a l t i t u d e  i n t e r v a l  from 

k0 t o  60 km correspond s c a t t e r i n g  angles  of 26- 30°. A t  an i n d i c a t r i x  

of the  form (9) U = 2  can be taken f o r  the  latter. Thus, assuming 

Qavsav I: 1.3 - 10°9cm2 and y = 2, we obta in  

n (h) = 1.4 loo1* nA(h),  (10 1 
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where the value of the absorption f a c t o r  p ( h 570mmc) i - 6  taken equal 

t o  4.1 The last  formula gives 
f o r  the a l t i t u d e  i n t e r v a l  40- 60 km 
the  values  of dust  concentrat ion com- 
p i l e d  i n  Table 3 (column 3).  The values 

T A B L E  3 

h. KA 11 (h). cy+ k-10- I I 1  
of molecule concentrat ions are brought z i  I 7.6.10'6 11.1-10-11 2.5 

2,4*iO'C 3,4*10-' 2.8 
out  in colunn 2 i n  accordance w i t h  t he  00 7 .7~10 '~  i.i-10-2 3.6 

data of r e f .  c91. 

I n t e r v a l ,  expressed i n  r e l a t i v e  un i t s ,  (Table 1, c o l . 3 ) ,  and the  
values  of concentration in the  40- 6Okm i n t e r v a l  

l u t e  u n i t s  (Table 3, col .3) ,  it is poss ib le  t o  determine the  c o e f f i c i e n t  
k for the  conversion of the indicated r e l a t i v e  concentrat ions i n t o  abso- 
l u t e  ones. The mean value of k, 
t o  obtain the  a b s o l u t e  values  of dust concentration in the  40- 135 km 
a l t i t u d e  range, brought ou t  in the 4 t h  column of Table 1, They may be 

represented Bx the  funct ion 

Having the values of dust concentration for the  4 - 0 0  135 Bm 

expressed in abso- 

found equal t o  3 -10-5, w a s  a t i l i e e d  

n (h) = 4.8 do ho702 (11) 

The value of dust  concentration n (80) = 1 10-3 at  80 km height ,  

found by us, coincides with t h e  value of concentration found by Mikirov 
[lo] by measurements of sky brightness  ca r r i ed  out  with the a i d  of geophy- 

s i c a l  rockets ,  and is by two orders g rea t e r  than the value n (80) = 10.5, 
deteaviaed in [3] according t o  twi l igh t  observations. The concentration 

of d u s t ,  determined by us at  100 km, and which is n(l00) = 2 10 cm , 
exceeds by 6 t o  7 orders  t h a t  estimated by Moroz C 1 1 J  by the  resul ts  of 
direct  measurements of dus t  p a r t i c l e  flows conduoted on rocke ts  and sa- 
t e l l i t e s .  Let  us note first of a l l  t h a t  i n  order  t o  diminish by 6 t o  7 
order6 the values  of concentrations found by us, we must increase  by the  
same number of orders  the mean value of the e f f e c t i v e  area of p a r t i c l e  

-4 -3 

' c ros s  sec t ion ,  admitted by us, the p o s s i b i l i t y  of which is ru led  out. 

The cause of such great a discrepancy, i t  seems t o  us,  c o n s i s t s i c  t h a t  
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tiny p a r t i c l e s ,  conditioning the s c a t t e r i n g  of solar l i g h t  i n  tw i l igh t  

condi t ion6 ,are  not r eg i s t e red  w i t h  the a i d  of s a t e l l i t e s .  
Thc concentrations found in [ll], are based on the  r e s u l t s  of 

neasurement8, assuring the r e g i s t r a t i o n  of p a r t i c l e s  with a ma66 exceeding 

10.9 g, which corrcsponds t o  a p a r t i c l e  of a 13mk radius, i f  one estima- 
t e s  the  densi ty  as equal t o  0.1 g .cmo3, If  we take as the  s t a r t i n g  poin t  
the l a w  of p a r t i c l e  d i s t r i b u t i o n  by s i z e s  (61, adinitted by UB, and the  

va3ue of concentration determined i n  [ll], while n (100) - 4  - 10'10cm'3, 
we  s h a l l  have m 

A 
a3 

4.10-1° = \- dn. 
13 

This gives  A -1.3 *lo-? Then, the t o t a l  number of p a r t i c l e s  

w i t h  r a d i i  
l e s s  than the value determined by us, which is n (100) = 1.6 lo4 cmo3. 
Therefore, .one may estimate,  t h a t  the absolute  concentrations determined 

by us according: t o  photometric tw i l igh t  observations,  do not contradict 
the  r e s u l t s  obtained on s a t e l l i t e s .  However, s u b s t a n t i a l l y  coarser  par- 
t i c l e s  a r e  r eg i s t e red  by way of d i r e c t  ca l cu la t ions  of the flow on rocke ts  

and s a t e l l i t e s  t h a n  those which a re  most e f f e c t i v e  in l i g h t  s c a t t e r i n g  

under tw i l iFh t  conditions, One nay a r r i v e  a t  the same conclusion by compa- 
r i n g  the  r e l a t i v e  c o u r s e , c n  (h), obtained by us, with the r e l a t i v e  course 
of concentration obtained from measurements on satellites, 

> 0.03 mk, will be equal  to 5 loo5 , which La only three times 

o f  

The d i r e c t  measurements w i t h  the  a i d  of rocke ts  and s a t e l l i t e s  
provide the  flow of I par t i c l e s .  The concentration of p a r t i c l e s  n (h) 
can be conputed by the flow N(h)  according t o  formula n(h) =4H(h) /9 ,  
provided the  ve loc i ty  V of p a r t i c l e  f l o w  r e l a t i v e  t o  the  rocke t  or the  
s a t e l l i t e  is known. The following dependence of I (h) on h ha6 been 

obtained in C U I ;  here N (h)  = Bho104 
mates t h a t  'I does not  depend on h, the concentration n ( h )  will be pro- 
po r t iona l  t o  N (h ) ,  and in  t h i s  way, n (h)  * h-1*4. Our t w i l i g h t  de te r -  
minations of concentration give n ( h )  - h e 

f o r  he ights  > l O O k m ,  If one e s t i -  

'7.2 
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Therefore, there  e x i s t s  i n  the region 100- 135 km, where measu- 
rements were conducted by the two methods considered, an e s s e n t i a l  dis- 
crepancy between the charac te r  of the dependence n ( h ) ,  obtained by twir 

l i g h t  measurements of br ightness  and by measurements of p a r t i c l e  f l o w  
with the  he lp  of satellites. I n  order t o  v e r i f y  whether or not the  rela- 
t i ve  course of dust  concentration a the igh t s  

the dependence n (h)  - h-1*4, we must amume hl = 135 in the  expression 

> 1 3 5 h  is determined by 

43 
02 +!?a i n t e g r a l  

6 (h,) = \ Bh-1.4 dl (12) 

and determine the constant B in such a way, t h a t  t he  i n t e g r a l  gives the 

br ightness  of the dust  component of the  twiliet sky f o r  the height  of 
the t w i l i g h t  r ay  a t  135 km, L e .  - t h a t  our dependence of the form 
cn (h)  - h’7*2 (Table 1, col. 3) 
of the form n (h)  - h 

3: 3 e 10 stars 5 m g  f ron  sq.deg, which exceeds by one order  t he  correspond- 
i n g  br ightness  1.2 - lo1 obtained by our  observations. Consequently, t he  
r e l a t i v e  course of the  form n ( h ) d  h OL4 is found t o  be too s lant ing.  

Therefore, we s h a l l  admit, t h a t  the dependence is  determined by the same 
funct ion as at  h 4 135 km, i. e. n (h) - ho702 up t o  a c e r t a i n  height  hl, 
and at  h> hl - by the dependence n (h)  - h -lo4. This  value hl is deter- 

mined from the conditioil t h a t  the br ightness  
acceptable from the viewpoint of photometric observations. It is e s t a b l i -  

shed by way of probes, t h a t  the l e a s t  value of h l ,  s a t i s f y i n g  t h i s  requi- 

rement, may be taken equal  t o  300ku1, with B = 2.6 log3. 
time, the  br ightness  s(300) is found t o  be equal  t o  1.9 stars 5 m g  from 

6q.degree. T a k i n g  i n t o  account the  values  of the  br ightness  of the  n ight  
sky, such br ightness  of the dust  component may be admitted as the  upper 
threshold value. 

continuesuninterruptedly by a dependence 
-1.4 . Then, B = 5.2 - 102 and the  br ightness  8 (135) = 

2 

S(h1)  be, according t o  (121, 

A t  t he  same 

Therefore, i t  stems from the  photometric measurements, t h a t  the  
obtainec? dependence of p a r t i c l e  concentration n (h) [I23 cannot repre- 

s e n t  t he  concentration of p a r t i c l e s  responsible  for the s c a t t e r i n g  of 
s o l a r  r a d i a t i o n  a t  he igh t s  g rea t e r  than 300 km. Consequently, the  divergen- 
ces  in the  l a w s  of v a r i a t i o n  of dust p a r t i c l e  concentrat ion f ron  the 
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distance h, obtained by photometric observations and by measurements 

on rocke ts  and  s a t e l l i t e s ,  su re ly  takesplace i n  the 100- 300 km region, 
A t  the same time, the p o s s i b i l i t y  is not excluded t h a t  these divergences 

a re  observed a l s o  above 300 km. If one est imates ,  t h a t  they are condition- 

ed by the  v a r i a t i o n  of the ve loc i ty  d'of p a r t i c l e  encounter with the  

cosmic missile as a funct ion of height, the  dependence of the ve loc i ty  

on height  w i l l  have the form 4'(h) = ho508 , According t o  t h i s  dependence 

t h e  ve loc i ty  must increase  from 100 t o  300 km approximately by 600 times, 
which is u n r e a l i s t i c ,  inasmuch a6 as a t  100 km even the p a r t i c l e s ,  f i xed  
r e l a t i v e  to Sarth,  w i l l  be endowed wi th  a high ve loc i ty  r e l a t i v e  t o  the  
cosmic miss i le ,  That is why the ve loc i ty  v a r i a t i o n  should be r e j e c t e d  a~ 
a cause of discrepancy. 

It must then be assumed t h a t  the  discrepancy considered i n  the  
100- 300 km region is conditioned by the presence i n  t h a t  region of fine 
dust,  no t  r eg i s t e red  with the help of satel l i tes ,  but  still  s c a t t e r i n g  

the s o l a r  rad ia t ion ;  t h i s  stemmed already from the comparison of absolute  

concentrat ions at  the height  of 100 km. But the  f a c t  t h a t  the concentra- 
t i o n  of f i n e  dust,  responsible  fo r  the tw i l igh t  s c a t t e r i n g  of s o l a r  radia-  
t ion,drops w i t h  the increase of h s u b s t a n t i a l l y  faster t h a t  the concen- 
t r a t i o n  of coarser p a r t i c l e s  r eg i s t e red  on s a t e l l i t e s ,  may be considered 

as proof t h a t  the  a l t i t u d e  region from 100 t o  a t  l e a s t  300 km is t h e  

place of formation of t i n y  dust  p a r t i c l e s  (or place of accumulation). 

Therefore, the ana lys i s  conducted provides the b a s i s  t o  assume t h a t  an 
i n t ens ive  breaking up of p a r t i c l e s  i n  t h e  n e a r - t e r r e s t r i a l  dust  cloud 
takes  place,  or an accumulation of t i n y  p a r t i c l e s  because of capture. 

The he ight  of 300 km is not es tabl ished p rec i se ly  and is r a t h e r  derived 
s t a r t i n g  from the requirement t h a t  the  dependence n (h)  - Elo4, doe8 n o t  

con t r ad ic t  the  photometric measurements. It is qui te  probable t h a t  t h i s  
region extends beyond 300 km. 

The analyeis conducted by U S  shows, t h a t  the dus t  p a r t i c l e s  of 

the  n e a r - t e r r e s t r i a l  dust  cloud, cur ren t ly  being de tec ted  by s a t e l l i t e s ,  

are l i t t l e  e f f e c t i v e  i n  the sense of s c a t t e r i n g  the  solar r a d i a t i o n  by 
comparison with t i n i e r  p a r t i c l e s ,  condi t ioning the  dust  component of 
the  n ight  airglow. A t  the  same time, the  p c s s i b i l i t y  is not  excluded 
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of the presence i n  the Garth's  environment of t i n y  p a r t i c l e s  which con- 
t r i b u t e  t o  the br ightness  of the zodiacal l i g h t ,  but  are  not r eg i s t e red  with 
the aid of s a t e l l i t e s .  In connection with t h i s ,  i t  would be very i n t e r e s t i n g  

t o  obtain aam?les of matter,  taken in the v i c i n i t y  of the Earth with the 

he lp  of e a t e l l i t e e  reenter ing  the E a r t h .  
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